Abstract. Lake Urmia has become one of the key dust sources in northwestern of Iran due to a sharp drop in its water level that caused an increasing dried land around the lake area. There has not been any studied concerning of how much dust is emitted and transported in this area. The aim of this research study was to measure the amount of dust suspended particles flux in the lake area. To implement this objective, 56 aeolian dust samplers were mounted at 0.15, 0.5, 1 and 2 m heights in 14 different poles and the suspended particles flux was measured during one year period. The data showed that the flux in March, June, and October accounted for 53% of the annual total. The suspended particles flux decrease rapidly with increasing height of soil surface. The obtained data showed that the suspended particles flux is strongly correlated with the amount of monthly precipitation and mean wind velocity but there was no significant relationship between monthly suspended particles flux and speed of the strongest wind.The result also showed that the wind direction did not influence flux. Different heights of the soil surface, sampling times and sampling sites had significant (P ≤ 0.01) effects on flux.
Introduction
According to FAO report, approximately 430 million ha of drylands, which comprise 40% of earth's surface are susceptible to wind erosion. Many studies have estimated the amount of global wind erosion and dust transport. However, because the wind not only mobilizes dust but also transport coarser soil particles (sand), therefore the estimation of the total amount of wind erosion especially amount of dust is uncertain. The rate of global dust emission is reported in a range of 5 × 10 11 to 33.2 × 10 11 kg.yr -1 . The studies of dust sources that were concluded by global-scale high-resolution satellite imagery, showed that natural dust sources do account for about 75% of dust emission and the remaining 25% of emission were attributed to anthropogenic sources. The fraction of dust sources is highly variable (FAO, 2015) .
The Lake Urmia which is located in northwestern of Iran is one of the main sources of aeolian dust in Iran. This lake has shown a sharp drop in water level due to decreasing in rainfall precipitation and excessive water intake, especially for agricultural consumption. The human factors such as the construction of numerous dams on the rivers that lead to the lake and the drill of multiple unauthorized wells are considered for water decline. According to the reports, during the last 20 years (1995 to 2015) , the water level of the Lake Urmia has fallen by 8 meters (Tajrishi, 2016 area of Lake Urmia is 5822 km 2 . According to official reports, more than 80% of it was dried in 2013. This means that about 4657 km 2 area is converted into drylands (Asghai Zamani, 2013) . Unfortunately, the trend has been continued and this area is highly exposed to wind erosion and susceptible to generate dust particles with a diameter less than 0.1 mm. Therefore, the Lake Urmia is considered to be a key source area for dust storms in N.W. of Iran.
The strong dust transport that occurs during dust storms often creates a serious hazard for human (Dong et al., 2010) . If the dust transportation continues and after passing some distance and settles into the ground surfaces, the salinity of these particles may cause to increase the salinity of agricultural lands in the region. The results of the chemical soil test in the area showed that the salinity of the investigated soil was very high (EC = 143.1 Ds.m -1 and SAR = 80.5). On the other hand, drying of the Lake Urmia caused the reflection of solar radiation to increase. The Albedo coefficient of drylands around the lake was 5.2 times more from 2007 to 2013. The diseases that caused by frequent exposure to ultraviolet radiation include cancer, eye injuries (black eyes, cataracts, burns, blindness, and luminosity) and dermatological injuries (Tajrishi, 2016) . Also, it has been reported that if the amount of suspended particles in the air exceeds the limit of (15 × 10-8 kg.m -3 ), it will cause respiratory illnesses. These factors threaten the lives of more than 7 million people in the region.
Even though, many types of research have designated to transform and provide guidance to water level restoration, but there is no information on the amount of suspended particle caused by wind erosion in the drylands area of the Lake Urmia. Government officials especially Urmia Lake Restoration Program just paying attention to restore the water level to this lake.
In studies of aeolian dust, the most important parameter is the amount of dust transported in the air (i.e., the horizontal dust flux) (Dong et al., 2010) . Hence in order to provide suggestions and solutions for dealing with wind erosion especially suspended particles in the air, we need to know the amount of suspended particle flux and their transportation mechanism of how it is changing at different heights of soil surface at different sampling times and different sampling distance sites.
To support such goals, we need to accurately install the instrument to trap the suspended particles. The wind tunnels designed to study wind erosion limit the maximum height of studied particles (normally the height of particles being tested should not exceed ¼ to 1/3 the height of the tunnel). Thus, to translate wind tunnel soil losses to equivalent losses from a field is difficult. Also, wind tunnels do not study erosion events for long-term .
Using the samplers to study the suspended particles has started since 1957 and has been changed a lot to increase the efficiency of samplers. The last and most advanced sampler for suspended particles gathering is BSNE (Big Spring Number Eight) sampler that was made by Donald Fryrear in Big Spring-Texas for the first time in 1986. More important properties of this sampler include (a) its ability to orientate into erosive winds; (b) the possibility to collect samples from different heights at the same location; (c) the least need to servicing and controlling for long collection periods; (d) its ability to earn data of vertical and horizontal distribution; (e) its construction is simple and it is durable (Fryrear, 1986 
Materials and methods

Location
In this study, one of the dust centers that located in the southeastern zone of Lake Urmia was selected (Fig. 1 C) . This area was exposed to wind erosion and it was a suitable place to study wind erosion and the flux of suspended particles. Lack of insignificance of earth's slope gradient, shortage of plant cover and having high wind speed and low rainfall (the average 11 years of meteorological information of a studied region in duration from 2000 to 2011 that were obtained from Tabriz weather station has been shown in Table 1 ) are parameters used to select location sites. Geographical location of the studied region was 45° 51 0.771 eastern longitude and 37° 47 0.675 northern latitude with semi-arid and cold climate. This zone was located at 30 km distance from the Tabriz-Azarshahr road and western south of EastAzarbayjan province-Khasselou village. Topsoil samples that were taken from the zoned area had 28% sand, 40% silt, and 32% clay. The bulk density of soil was 1.34 gr.cm -3 and soil texture was clay loam ( Table 2) . 
Field instrument
In this study, the modified BSNE samplers with opening 20 mm wide and 50 mm height were used. The 18 mesh stainless screen in the opening of sampler for dust entering and the 120 mesh stainless steel screen on the top of the sampler was used which allowed the air to exit while the airborne material remained in the sampler tray. 4 samplers were installed on the same mounting pole (a ½" steel pipe with an outside diameter of 1.8 cm) at 0.15, 0.5, 1 and 2 m heights of the soil surface (Fryrear et al., 1991 ). An 18 × 20 cm sheet provided as sampler tail that accompanied by a rubber retainer in lower of each sampler that allowed to rotate and orient according to wind direction ( Figs. 2 and 3 ). 14 poles were installed in a circular pattern (Fig. 4 ) inside 3.2 ha area. This pattern permitted field erosion data collection regardless of the wind direction and provided a range of field lengths with a minimum number of sampler locations (Fryrear et al., 1991) .
Samples gathering and analytical methods
Totally, 56 samplers were installed in the above-mentioned pattern. After 30 days of installing, the tray of each sampler was evacuated and gathered particles were dried at 105°C and transported to the laboratory for physical testing. This gathering was continued monthly in 12 interval periods (from March 2016 until February 2017). To determine the horizontal flux of suspension particles, sample weight of suspended gathered particles calculated via particle size distribution curve (particles were sieved via series with 18, 30, 60, 100, 200, 270 and 400 meshes that corresponds to 1, 0.595, 0.25, 0.149, 0.074, 0.053 and 0.037 mm in diameters respectively). Horizontal flux was calculated by the formula in Equation 1 (Wang et This equation showed that there was a strong relationship between the sampling efficiency (y in percent) with the particles diameter (x in micron); (r 2 = 0.9969). This equation was constant for particles larger than 10 -4 m (0.1 mm) (the upper boundary of suspended particles). In this study the equation 2 for efficiency estimating of made samplers was used.
To study the effect of sampling time (during the research period from March 2016 until February 2017) and height of soil surfaces (0.15, 0.5, 1 and 2 m) on suspended particles flux, the data of calculated flux in different times and different heights of soil surface were analyzed. Factorial experiment on the basis of completely randomized design with 14 replication was carried out. Also, to study the effect of sampling time and sampler's distance from each other (14 sites of installation of the poles) on suspended particles flux, the data of calculated flux in different times and different sites were analyzed. Factorial experiment on the basis of completely randomized design with 4 replication was carried out. Comparison of means by Duncan multiple range test at 1% probability level was carried out. Before data analyzing, the normality test of variables was carried out. Data analysis was done using SPSS-16 software and the graphs and tables were drew by Excel software.
The data of meteorological information of studied zone during research period were obtained from Tabriz weather station ( Table 3) . As seen in the table the range of mean wind velocity varied from 3.3 to 8.1 m.s -1 .The maximum speed of strongest wind was 20 m.s -1 in November. The minimum horizontal vision varied from 0.02 km in January 2017 to 7 km in August 2016. The highest rainfall was 68.6 mm in April 2017, and the lowest was 0 mm in August 2016. This report showed that the highest and lowest amount of rainfall in the months exactly corresponds to the average 11 years of meteorological data gathering ( Table 2) .
Results and discussion
Variation in horizontal flux with height
The variation of horizontal suspended particle's flux with a height of soil surface (the flux profile) is expressed by a power law (Eq. 3).
where f(z) is the horizontal suspended particle's flux (kg. Figure 5 shows the variation in horizontal flux collected by the BSNE sampler as a function of the height of soil surface for every month during the duration of the research period. In all cases, the horizontal suspended particle's flux decreases with increasing height of soil surface. Results of the regression analysis between the fluxes of suspended particles as a function of the height of soil surface had been shown in Table 4 . The cumulative percentage of the annual suspended particles flux as a function of the height of soil surface (Fig. 7) derived from Equation 4 shows that 80% of flux was transported below 80 cm and 90% below 120 cm of the surface. This suggests that the majority of suspended particles flux moves below 1 m height of soil surface and will settle back to the ground in a short distance and that only a small fraction will be transported over long distances. These results are according to Dong et al. (2010) . Figure 8 shows the relationship between the total monthly suspended particles flux and the main meteorological parameters at the study site during research period (from Mar. 2016 until Feb. 2017). Correlation coefficients between monthly suspended particles flux (F) and monthly precipitation (P), speed of the strongest wind (SW) and monthly mean wind velocity (MW) showed that the monthly suspended particles flux is strongly correlated with the monthly precipitation and monthly mean wind velocity, but there was no significant relationship between monthly suspended particles flux and speed of the strongest wind ( Table 5 ). This can be explained by the fact that when the monthly precipitation is low, the soil surface is arid and prone to the emission of suspended particles into the air. Aeolian transport mainly occurs in March, June, and October in the Lake Urmia area. These months account for 53% of the total annual suspended particles flux (Fig. 9) . The comparison between suspended particles flux and the average 11 years of meteorological data (from 2000 until 2011) at the studied area ( Fig. 10 and Table 6) shows that there is a correlation between the monthly precipitation and monthly suspended particles flux, too. The effects of height of soil surface, sampling time and sampling site on the suspended particle's flux
To study the effects of sampling time during research period (from March 2016 until February 2017) and height of soil surfaces (0.15, 0.5, 1 and 2 m) on suspended particles flux, the data of suspended particles flux in different times and heights were analyzed. The results of variance analysis (mean and corresponding effects) ( Table 7) showed that corresponding effect of sampling time and height of soil surface on suspended particles flux were significant (P ≤ 0.01). The mean comparison results of the corresponding effect of sampling time and height of soil surface on suspended particles flux (Fig. 11) showed that when the height of soil surface increased, the suspended particles flux decreased. This was accordance with results of Dong et al. (2010) and Zobeck and Fryrear (1986) studies. (Table 8) showed that the mean effects of sampling time and sampling site on suspended particles flux were significant (P ≤ 0.01), but the corresponding effect of sampling time and sampling site was insignificant. The mean comparison result of the main effect of sampling time on suspended particles flux (Fig. 12) showed that there was a significant difference (P ≤ 0.01) between different times of sampling. The greatest mean of suspended particles flux was in March 2016. According to (Fig. 8) , the amount of precipitation was low and wind velocity was high in this month. Actually, there was an inverse correlation between suspended particles flux and total monthly rainfall.
Figure12. Mean comparison of the main effect of sampling time on suspended particles flux
The mean comparison result of the main effect of sampling site on suspended particles flux (Fig. 13) showed that there was significant difference (P ≤ 0.01) between different sampling sites, but just in one site (I-pole), differences were significant compared to other sites, and it was ignored, suggesting that the sampling site did not influence flux. Therefore, the 14 poles were installed in a circular pattern in different directions (Fig. 4) 
Conclusions
In this research study, we measured the horizontal flux of suspended particles for the one-year duration in surrounding dry lands of lake Urmia which is one of the main aeolian dust deposit in N.W.of Iran. The results of our study showed that the strongest aeolian transport dust occurs in March, June, and October. These months had the lowest amount of precipitation.
The horizontal suspended particles flux showed that it had a strong correlation with the amount of monthly precipitation and monthly mean wind velocity but there was no significant relationship between monthly suspended particles flux and speed of the strongest wind during the time of the study. The result also showed that the wind direction did not influence on suspended particles flux. Hence, due to a shortage of rainfall and the lack of soil surface covering in March, the amount of suspended particles flux was greatest in this month. Parameters such as different hight of the soil surface, different sampling times and different sampling sites had a significant effect (P ≤ 0.01) on suspended particles flux.
Several authors have proposed a power decay law to describe the variation in suspended flux with height, and we used that approach to provide a good fit for the observed data in this study.
Finally, our finding showed that the majority of suspended flux transported below 1 m height of soil surface will settle back to the ground in a short distance. This finding can help us in implementing the prevention programs such as windbreaker building. The design of the height and distance of windbreakers are important for their efficiency usage.
To confront wind erosion by mechanical means, the windbreaker is one of the direct methods of prevention. Other mechanical methods are mulching and plowing the land in opposite direction of the dominant slope. Indirect methods are planting the native plant vegetation that grows in the region. Usually, these are the halophytic vegetation. Protecting grassland from degradation and rehabilitating the dried-up terminal lake will be important steps in reducing and preventing future dust storm.
For future studies, we suggest that the suspended particles flux be examined as toxin materials in surrounding lake Urmia area. We recommend that trace toxic elements and other elements such as Na, Ca, K, Mg, Al and heavy metals such as Fe, Mn, Si be measured for purpose of health considerations, because the area is designated as one of the locations that are susceptible to hazards of dust pollution.
